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TASK 1

WATER SAMPLING AND ANALYSIS

INSTREAM CONTAMINANT STUDY
1.0 INTRODUCTION
"On November 3, 1983, the Oak Ridge Task Force under direction of the
Tennessee Division of Water Management, approved conceptual workplans
prepared by four subgroups of the Task Force. These workplans addressed
potential offsite contamination problems associated with the Department of
. Energy (DOE) facilities near Oak Ridge, Tennessee. The conceptual
workplans were transmitted to DOE on November 14, 1983. - DOE subsequently
authorized the Tennessee Valley Authority (TVA) to prepare a technical
workplan covering the instream water, sediment, fish, and floodplain
sampling approved by the Task Force (1). The Instream Contaminant Study
workplan was submitted to DOE in February of 1984 and the work authorized
by Interagency Agreement No. DE-AI0S5-840R21444, TVA Contract No. TV-64095A,
between DOE and TVA, and approved by the TVA Board of Directors on

April 30, 1984.

This is the first of five task reports on the Instream Contaminant Study.
It presents the results of field measurements, sample collections, and
laboratory analyses of surface waters downstream of the DOE facilities.

Included are the results of one baseflow survey and two storm event

surveys conducted from May through November 1984. Sampling of a third

storm was conducted on April 5 and 6, 1985, The results of this storm

event survey will be reported in the Task 3 report (Sediment Transport).

N




The Task 1 report presents the water data collected and the procedures for
collecting, handling, and analyzing the samples. Results are summarized
in graphs and tables that include available criteria, standards, and
background levels. The procedures and data are discussed for
clarification, but the implications of the data have not been assessed.

All data are presented in Appendices I, II, and III.

1.1 PURPOSE

The purpose of Task 1 of the Instream Contaminant Study is to define the
hydrologic characteristics and mercury concentrations in East Fork Poplar
Creek and Bear Creek for sediment transport predictions. A limited number
of water quality samples were collected to determine the presence of other -
contaminants which might be added to ongoing monitoring programs. Flow
measurements were made and/or water samples collected from the Clinch
River, East Fork Poplar Creek, Bear Creek, Poplar Creek, and lower White
Oak Creek during one baseflow condition and from East Fork Poplar Creek,
Bear Creek, and Mill Branch during two stormflow conditions. The results
of a third stormflow survey conducted April 5 and 6, 1985, will be

reported in the Task 3 report.

1.2 SCOPE
The baseflow survey consisted of field measurements and sample collections
at nine stations: Clinch River Miles (CRM) 24.0, 23.0, 15.0, 10.0, and

6.8; East Fork Poplar Creek Mile 14.36; Bear Creek Mile 7.4; White Oak .

Creek Mile 0.4; and Poplar Creek Mile 13.8. Six of these stations were




included in the interagency agreement approved April 30, 1984. Three
stations (CRM 24.0 and 6.8, and Poplar Creek Mile 13.8) were added in May
of 1984 to provide supplemental data requested by the Oak Ridge National
Laboratory (ORNL). Baseflow field measurements included dissolved

oxygen {(DO), temperature, pH, conductivity, élkalinity, and water level.
Laboratory analyses included selected metals, nutrients, priority
pollutants, 0il and grease, solids, turbidity, hardness, and radiological

parameters (1).

The stormflow surveys involved sampling and laboratory analyses of
mercury, suspended solids, turbidity, particle size distribution, specific
gravity, and radiological parameters. Streamflow and precipitation data
were also collected during each stormflow survey. Stormflow sampling
stations were located at East Fork Poplar Creek Miles 14.36, 10.0, 6.8,
3.3, and 0.03; Mill Branch Mile 0.2 (a tributary to East Fork Poplar

Creek); and Bear Creek Mile 0.55.

2.0 SAMPLING STATIONS AND PARAMETERS

2.1 BASEFLOW WATER QUALITY SURVEY

The location and description of each baseflow sampling station are given

in Table 1 and shown in Figure 1. Table 2 lists the laboratory and field

parameters which were analyzed, the total number of analyses, and the
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TABLE 1

INSTREAM CONTAMINANT STUDY - TASK 1
BASEFLOW WATER QUALITY SURVEY - SAMPLING SITE DESCRIPTIONS

Stream Mile Description
East Fork 14.36 Below New Hope Pond diversion
Poplar Creek point into East Fork Poplar Creek
Bear Creek 7.40 Upstream of eastern most gate to

landfill areas on north side of
Bear Creek Valley Road

White Oak Creek 0.40 Downstream of weir
Clinch River : 23.00 '~ Immediately below Melton Hill Dam
Clinch River - 15,00 Between White Oak Creek and

Poplar Creek

Clinch River 10.00 Downstream of Poplar Creek
. Clinch River 6.801 Watts Bar Reservoir
Clinch River 24.00l Melton Hill Reservoir, immediately
above Melton Hill Dam
Poplar Creek 13.80l Below Indian Creek near USGS

stream gage

1 . . . .
Stations added as a supplement to the original interagency agreement.




TABLE 2

INSTREAM CONTAMINANT STUDY - TASK 1
BASEFLOW ANALYSES

Number o Number of
Parameter Analyses Duplicate Analyses
Field Analyses
Dissolved Oxygen 4 0
Temperature 4 0
pH 4 0
Conductivity 4 0
Alkalinity ) 6 1
Reservoir Profile” (DO, temp., 2 4}
pH, and conductivity
Stream Stage 3 [¢]
Laboratory Analyses
Turbidity 4 1
Total Suspended Solids 4 1
Total Volatile Suspended Solids 3 1
Hardness 3 1
Nutrients:
(a) NH,-N 3 1
(b) NO_+NO_-N 3 1
(c) Tofal Rjeldahl N 3 1
(d) Total P 3 1
011 and Grease
Priority Pollutants:
(a) Volatile Organics 3 1
(b) Base/Neutral Compounds 3 1
(c) PCBs 3 1
(d) Cyanide 3 1
(e) Total Phenol 3 1
Priority Pollutant Metals (As,
Be, Cd, Cr, Cu, Pb, T1, Ni,
Ag, Zn, Sb, Se):
(a) Total 6 1
(b) Dissolved 3 0
Radiological Analyses
(a) Gross Alpha 6 1
(b) Gross Beta 6 1
(c) Gamma Spegtroscopy 6 1
(d) Tritium (CH) 6 1
(e) Sr 90, Pu 238 and 239, 1 0
Tc 99, Np 237, Th %32 and 228,
U 238, 234 and 235
Lithium 3 1
Aluminum 3 1
Mercury:
Total 7 1
Dissolved 7 1

1Number does not include duplicate analyses.

2Reservoir profiles of DO, temperature, pH, and conductivity were measured
in situ using a HYDROLAB System 8000 field monitor.

3Analyses performed by ORNL.



duplicate analyses conducted for each parameter. All samples were
collected at surface depth except at Clinch River Miles (CRM) 24.0 and 6.8

which were sampled at depths of 7 and 5 meters, respectively.

2.2 STORMFLOW SURVEYS

The location and description of the seven stormflow sampling stations are
given in Table 3 and shown in Figure 2. Also given in Table 3 are the
types of sampling and stream gaging equipment used at each location.
Table 4 lists the parameters which were analyzed for both the first and
second storm events. Also given are the different sample collection

methods associated with each parameter and the total number of samples

analyzed.
3.0 PROCEDURES AND METHODOLOGY
3.1 FIELD PROCEDURES

All water samples were obtained in accordance with applicable sample
collection, handling, and preservation procedures as described in the

TVA Field Operations Natural Resource Engineering Procedures Manual (2).

3.1.1 BASEFLOW SURVEY

The baseflow water quality survey was conducted on May 30-31, 1984. The

Clinch River sampling stations were sampled on May 30; all other locations

were sampled on May 31.
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TABLE 3

INSTREAM CONTAMINANT STUDY - TASK 1
STORMFLOW SAMPLING LOCATIONS AND EQUIPMENT DESCRIPTIONS

Description
Stream Mile Site Equipment Used
East Fork 14.36 Below New Hope Pond PS 69 automatic water
Poplar Creek division point into East sampler, FW-2 stream gage
Fork Poplar Creek recorder and staff gage.
Depth integrated sampler.
East Fork 10.0 Upstream of Wiltshire Same as EFPCM 14.36 plus
Poplar Creek Drive bridge bedload sampler.
East Fork 6.8 Downstream of Gum Hollow FW-2 stream gage recorder
Poplar Creek Road bridge at Oak Ridge and staff gage. Depth
Country Club Golf Course integrated and fixed
stage water samplers.
East Fork 3.3 USGS Gaging Station Same as EFPCM 10.0 plus
Poplar Creek USGS stream gage.
East Fork 0.03 Upstream of confluence FW-2 stream gage recorder
Poplar Creek with Poplar Creek and staff gage. Depth
integrated water sampler.
Mill Branch 0.2 Upstream 1000' of con- Same as EFPCM 6.8.
fluence with East Fork
Poplar Creek
Bear Creek 0.55 Upstream from the Same as EFPCM 14.36.

influence from East
Fork Poplar Creek
backwater
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TABLE 4

INSTREAM CONTAMINANT STUDY - TASK 1
STORMFLOW ANALYSES

Sample 1
Collection Number of Analyses
Parameter Method Storm #1  Storm #2
Total Suspended Solids Automatic PS 69 19 31
Manual-Depth Integ. 36 37
Fixed Stage 0 4
Time Composite 4 5
TOTAL 59 77
Total Volatile Automatic PS 69 19 31
Suspended Solids Manual-Depth Integ. 0 0
Fixed Stage 0 4
TOTAL 19 35
Turbidity Automatic PS 69 19 31
Manual-Depth Integ. 6 0
Fixed Stage 0 4
TOTAL 25 35
Mercury Automatic PS 69 18 27
(Total and Dissolved) Manual-Depth Integ. _6 0
TOTAL 26 27
Radiological Analyses Grab 4 4
(Gross Alpha, Gross Beta,
Gamma Spectroscopy)
Suspended Sediment Time Composite 7 7
Particle Size Analyses
(mg/L greater than 62, 125,
500, and 2,000 micrometers
and total suspended solids)
Suspended Sediment Time Composite 7 7
Specific Gravity
Bedload Spatial Composite 4 4
Particle Size Analyses
(percent finer than
0.25 in., and 2,000, 500,
125, and 62 micrometers)
Bedload Specific Gravity Spatial Composite 4 4

Streamflow

FW-2 Stream Gage Recorder
and Staff Gage

Continuous Continuous

Record Record

1Number of analyses does not include duplicate analyses.
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Samples for nitrate+nitrite nitrogen analyses were recollected at

Bear Creek Mile 7.4 on June 26 after laboratory analyses of the May 31
sample revealed a nitrate+nitrite nitrogen concentration of 240 mg/L

as N. The June 26 sample had a concentration of 380 mg/L. Samples for
cyanide and total phenols analyses were recollected on September 9 at all

locations due to inadequate sample preservation.

All samples wére collected at mid-channel and surface depth except at
Clinch River Miles 24.0 and 6.8 where samples were collected at mid-depth
in the reservoir and at White Qak Creek Mile 0.4 which was sampled on the
left bank. Dissolved oxygen (DO), pH, temperature, and conductivity were
measufed in situ using a HYDROLAB System 8000 field monitor. These
measurements were made as reservoir profiles at Clinch River Miles 24.0
and 6.8 by taking measurements at the surface, at one meter increments to
ten meters depth, and at three meter increments from ten meters to the

reservoir bottom.

3.1.2 STORMFLOW SURVEYS

3.1.2.1  EQUIPMENT INSTALLATION AND DESCRIPTION

As part of a separate interagency agreement with DOE, TVA conducted

planning sessions and field inspections to select stormflow sampling sites

and equipment for each site.
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As part of the Instream Contaminant Study, twenty flow measurements were
made at the selected sampling sites to. develop flow rating curves for each
location where stream gages were to be installed. Stream gaging stations,
including FW-2 streamflow recorders, stilling wells, gage houses,
walkways, and staff gages were then installed at the sites. Stream gage

installation was completed in May 1984.

The PS 69 automatic water sampler which was used to collect stormwater
samples for suspended sediment and total and dissolved mercury analyses
was installed in 8 feet by 10 feet portable buildings at four sites
(Table 3). The sampler intake lines were anchored in the stream at a

45 degree angle downstream, with the intake openings cut parallel to the
flow. Operation of the samplers was initiated automatically during a
storm event by float switches mounted in the stream at preset stages.
After initiation of sampling, the PS 69 samplers collected samples at
preset time intervals over the duration of the storm event. Each sampler
was tied electrically to a sampling event marker on a FW-2 streamflow
recorder at each station to indicate when each sample was collected. The
sampling intervals were adjusted, as necessary, during a storm event to
best cover the event period. Table 5 lists the initial sampling stage at
which the float swtiches were set, the intake location, and the sampling

intervals for each PS 69 sampling station. Installation of the PS 69

samplers was completed in July 1984,
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TABLE 5

N INSTREAM CONTAMINANT STUDY - TASK 1
STORMFLOW SURVEYS - PS 69 AUTOMATIC WATER SAMPLERS -
OPERATION DATA

Sampling1 Initial Sampling2

Interval Stage

Stream Mile (Min) (Ft) Intake Location
East Fork 14.36 5.60 0.40 1/2" off creek bed
Poplar Creek 12" from right waters

edge. (RWE)

East Fork 10.0 5.60 1.00 3/4' off creek bed
Poplar Creek 12' from RWE
East Fork 3.3 11.25 2.00 3/4' off creek bed
Poplar Creek 19' from RWE

Bear Creek 0.55 11.25 0.60 3/4' off creek bed
) 15' from RWE

1Adjusted in the field to obtain representative samples across the storm
- hydrograph.

2Stage refers to corresponding reading on the station staff gage.

TABLE 6

INSTREAM CONTAMINANT STUDY - TASK 1
FIXED-STAGE WATER SAMPLERS - OPERATION DATA

Staff Gage Reading
of Sampler Intakes

Stream Mile (Ft) Stream Bank of Sampler
East Fork Poplar 6.8 1.5, 2.5, 3.5 Right
Creek 4.0, 4.5, 5.0
Mill Branch 0.2 1.25, 1.75, 2.00 left

N 2.25, 2.50
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Fixed-stage water samplers which were used for collecting suspended
sediment samples were installed at two sites (Table 3). These samplers
consisted of wooden frames which were anchored in the streambed. Sample
bottles were mounted on the frames with intakes at fixed elevations.
Samples were collected during a storm event as the stream stage rose to
the level of the bottle intake. Table 6 lists the sample intake stages

for each fixed-stage water sampler and its location in the stream channel.

Depth integrated samplers were used at all sites for collecting suspended
sediment samples. These samplers were operated manually by placing a
sample bottle inside the sampler and lowering the sampler into the stream
to a depth near the channel bottom and then retrieving the sampler. As
the sampler was lowered and retrieved, water filled the sample bottle
through an intake opening in the sampler. Fins on the sampler ensured
that the sampler intake was pointed upstream as the sample bottles were

filled.

A bedload sampler was used at two sites for collecting bedload sediment.
The sampler consisted of a metal frame with a rectangular inlet to which a
fabric bedload bag was attached. The sampler was lowered using an
electric winch to the channel bottom with the inlet directed upstream.

The bedload bag was allowed to fill with sediment for ten minutes. The
sampler was then retrieved and the contents removed and placed in plastic

bags.
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Precipitation data were collected using a Belfort recording rain gage
installed in the Bear Creek basin near Bear Creek Mile 3.0. Installation
of this rain gage was completed in August 1984. Additional rainfall data

were collected by a private rainfall observer.

3.1.2.2 STORM EVENT SAMPLING

‘Sampling of the first storm event was conducted on October 22-23, 1984,
Rainfall began at approximately 7 a.m. on October 22 and ended at
approximately 6 p.m. on October 23. Samples were collected from 5 p.m. on

October 22 to 6 a.m. on QOctober 23. The criteria for initiation of the

storm event was a minimum of one inch of rainfall. The criteria for

ending the storm event was recession of the creek stage at East Fork
Poplar Creek Mile 3.3 to a predetermined level as measured by the station
FW-2 streamflow recorder. Rainfall intensity was not constant over the
duration of the event but consisted of periods of intense rainfall
followed by periods of moderate to no rainfall. Total rainfall during the

storm event was 2.0 inches.

Sampling of the second storm event was conducted on November 10-11, 1984.
Rainfall began at approximately 11 a.m. on November 10 and ended at
approximately 6 p.m. on the same day. Samples were collected from 1 p.m.
on November 10 to 2 a.m. on November 11. The stormflow survey was
initiated when rains were sufficient to maintain a stream stage of

0.70 feet at East Fork Poplar Creek Mile 14.36. The criteria for ending
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the storm event was identical to that used for the first storm event.
Rainfall intensity was similar to the first storm event and totaled

1.4 inches.

The PS 69 samples were removed from the sampler following the storm

event. Samples collected at various times over the rising limb, peak, and
receding limb of the hydrograph were selected for analysis (i.e., mercury,
TSS, TVSS, and turbidity--Table 4). During the first storm event, the

PS 69 sampler at East Fork Poplar Creek Mile 14.36 experienced a pump
motor malfunction as the storm event began. Depth integrated samples were
collected hourly to replace those from the inoperative PS 69 sampler.
These samples were used for the analyses of all required parameters except

radioactivity which was collected as a discrete grab sample.

Fixed-stage samples were collected at EFPCM 6.8 and Mill Branch Mile 0.20
during both storm events. Only samples for the second storm event were
analyzed, however, since sufficient samples during the first storm event
were collected using the depth integrated sampler. The fixed-stage
samples were removed from the sampler after recession of the stormflow and

poured into appropriate sample containers.

Depth integrated samples for total suspended solids analyses were
collected at all stations during the stormflow surveys. These samples

were collected at three to five predetermined points across the stream and
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composited in a one-gallon sampler container. At sites where PS 69
samplers were located (Table 3), depth integrated samples were collected
at a minimum of three times over the duration of the storm event: once on
the rising limb of the hydrograph, once near the peak, and once during the
recession of stormflow. At sites with no PS 69 samplers, hourly depth
integrated samples were collected. Samples for particle size analyses of
suspended sediment were obtained by compositing equal volumes from the

depth integrated samples collected at a site.

Bedload samples were collected at EFPCM 3.3 and 10.0 (Table 3). These
samples were taken at five points across the stream and composited in a
plastic bag. Iwo composite samples were collected for each sform event;
The first composite sample was collected in a traverse from the left bank
of the stream to the right. The second composite was collected in a

traverse from the right to left bank.

Radiological samples were collected once during each storm event at
EFPCM 14.36, 10.0, 3.3, and Bear Creek Mile 0.55. Six-liter grab samples

were collected at mid-channel near the peak of the streamflow.

All samples for laboratory analyses were processed (e.g., filtration,
preservation) and shipped on ice to the TVA Laboratory Branch in
Chattanooga or to the TVA Western Area Radiological Laboratory (WARL) in

Muscle Shoals.
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3.2 LABORATORY PROCEDURES

3.2.1 SAMPLE COLLECTION, SHIPPING, AND RECEIVING

Samples were collected and shipped along with field data sheets to the
TVA Laboratory Branch in Chattanooga or to the TVA Western Area
Radiological Laboratory (WARL) in Muscle Shoalsﬁ(Appendix IV - Figure 1).
Upon receipt in the laboratory, samples were inﬁentoried, irregularities
noted, and the samples logged into the computerisystem. Blind laboratory
duplicates were prepared by splitting thoroughly homogenized samples.

These split samples were also logged into the computer system.

3.2.2 LABORATORY ANALYSES AND DATA REPORTING

A flow chart showing laboratory and data reporting steps is given in
Appendix IV - Figure 2. Samples and blanks were analyzed in accordance
with standard TVA laboratory procedures (3). Specific references, type of
analysis, and detection limits for the analytical procedures are listed in
Appendix IV. The Laboratory Branch Intralaboratory Quality Control
Program was followed by analyzing approximately ten percent of the samples

in duplicate and, when possible, spiking ten percent of the samples.

Results from accuracy and precision quality control samples were plotted
on control charts. If a result was outside the control limits, the

samples were resubmitted for analyses.
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All analytical data were recorded in laboratory notebooks, calculations
checked, analysis approved, and results forwarded to the Quality Assurance
Coordinator (QAC). The QAC summarized the blind laboratory and field
duplicates along with the reference samples. If the data indicated a
problem, corrective actions were taken. If possible, the samples were

resubmitted for analysis.

The QAC compared the blind laboratory duplicates with the field
duplicates. If there was a significant difference between the laboratory
and field variability, the QAC notified the Project Manager of homogeneity
problems. The QAC also "flagged" all questionable data with appropriate

gqualifying remarks.

3.3 DATA STORAGE

The QAC forwarded the approved data to the Task Leader who prepared a
report of results which was submitted to data processing. The data were
keypunched, verified, and stored on the EPA-STORET data system. Completed
printouts of data were forwarded to the responsible Task Leader who
reviewed the printout for reasonableness and approved final printout of

data.

3.4 QUALITY CONTROL

A complete discussion of the TVA Quality Assurance Program is given in

Reference 4.
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3.4.1 INTRALABORATORY CONTROL CHARTS

3.4.1.1 EVALUATION OF ACCURACY

Data for accuracy control charts were generated by analyzing actual
samples spiked with known amounts of the analyte. The percent recovery
was determined, and 100 percent was subtracted from the recovery to obtain
the percent bias. Percent bias values were plotted on éontrol charts that

indicated upper and lower warning and control limits.

Warning and control limits for accuracy control charts were calculated
from actual recovery data obtained from analysis of large batches of
samples (nominally, at least 20 values). Using the individual percent
bias values, the mean (X) and the standard deviation (SD) were
calculated. Warning and control limits were established as ¥ + 1 SD and

X + 2 SD, respectively.

Two consecutive observations or repeated results outside the warning

limits required an examination of the system to prevent it from going out
of control. The analysis was judged "out of control" when any point fell
outside the control limits. Standard policy was to reanalyze all samples

determined during any period shown to be out-of-control.
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3.4.1.2 EVALUATION OF PRECISION

Data for precision control charts were generated by analyzing actual
samples in duplicate. The difference between the two values was
multiplied by 0.89 to obtain the approximate standard deviation (3). The
standard deviation multiplied by 100 divided by the mean of the duplicate
values yielded the relative standard deviation in percent (percent RSD).
The percent RSD values were plotted on control charts that indicate

warning and control limits.

Warning and control limits for precision control charts were calculated
from actual precision data obtained from analyses large batches of samples
(nominally, at least 20 values). Using the individual relative standard
deviation values, the mean (X) and standard deviation (SD) were
calculated. Warning and control limits were established as ¥ + 1 SD and

X + 2 SD, respectively.

Two consecutive observations or repeated results outside the warning limit
required corrective action. The analysis was judged out-of-control when
any value fell outside the control limits. Standard policy was to
reanalyze all samples determined during a period shown to be

out-of-control.

3.4.2 REFERENCE SAMPLES

Standard reference materials supplied by National Bureau of Stan-

dards (NBS), Eastman Kodak Company, and Environmental Protection
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Agency (EPA) were analyzed (when certified material was available) with
each set of Oak Ridge samples. These résults were used to provide a

measure of the accuracy of the overall data set.

TVA's Western Area Radiological Laboratory (WARL) participates in twelve
6r more of the laboratory intercomparison studies conducted by EPA's

Las Vegas laboratory. The results from this intercomparison are presented
in the annual environmental operating reports for TVA's nuclear power
plants. WARL also analyzes crosscheck samples produced by TVA's

laboratory quality control program for nuclear radiochemical laboratories.

3.4.3 BLIND DUPLICATE SAMPLES

3.4.3.1 BLIND FIELD DUPLICATES

Duplicate samples were periodically collected and shipped to the
Laboratory Branch. These samples were inserted blind into the analytical
stream along with the other samples. The relative standard deviation was

calculated from these duplicate data as described in Section 3.4.1.2.

3.4.3.2 BLIND LABORATORY DUPLICATES

The Quality Assurance Coordinator prepared a second aliquot from an
original sample by splitting the sample after it had been thoroughly
mixed. These samples were also inserted blind into the analytical
stream. The relative standard deviation was calculated from these

duplicate data as described in Section 3.4.1.2.
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The WARL routinely checks radiochemical procedures by analyzing quality
control samples comprising approximately 10 percent of the laboratory
sample load. These quality control checks include blind laboratory
duplicates, blanks, backgrounds, counting standards, work station routine

spikes, blind spikes, and in-house crosschecks.

3.4.4 EPA SPLIT SAMPLES

Approximately five percent of all sediment samples were thoroughly
homogenized and a representative aliquot sent to the EPA Region IV
Laboratory and/or the EPA Eastern Environmental Radiation Facility (EERL)
for analysis of the same parameters analyzed on the original sample.

EPA split samples were submitted incrementally throughout the project to
ensure early detection and correction of any analytical problem.
Interlaboratory split data were analyzed using percent relative error to
determine if bias existed between the TVA and EPA laboratories. This

procedure is as follows:

Percent relative error is defined as the difference between two replicate
samples divided by the mean of the samples expressed as percent. It is

calculated as follows:

{EPA Result - TVA Result} x 2

% Relative Error = 00

{EPA Result + TVA Result}
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Percent relative error can vary only between -200 and +200. A helpful way
of conceptualizing relative error is to consider its relationship to the

ratio of the two laboratories. This relationship can be calculated as

follows:
Ratio EPA Result {200 + % relative error}
TVA Result =~ {200 - % relative error}

Representative values are as follows:

EPA Result % Relative EPA Result % Relative

Ratio TVA Result Error Ratioc TVA Result Error

0 -200 ® 200

0.01 -196 100 196

0.10 -164 10 164

0.20 -138 5 133

0.33 . =100 3 100 .

0.50 ~ 67 2 67

0.67 - 40 1.5 40

0.83 - 18 1.2 18 .
4.0 RESULTS AND DISCUSSION
4.1 BASEFLOW SURVEY

Analytical results are given in Appendix I. Available standards,

criteria, and background data are summarized in Tables 7 and 10.

4.1.1 GENERAL WATER QUALITY

The results of field analyses (DO, temperature, pH, conductivity, and
alkalinity); physical analyses (turbidity and solids); and aluminum,

hardness, and nutrient analyses are summarized in Table 8. Comparison of
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TABLE 7

INSTREAM CONTAMINANT STUDY - TASK 1
BASEFLOW SURVEY - CRITERIA AND SELECTED DATA FOR CHEMICAL AND PHYSICAL PARAMETERS IN WATER

Mean Concentrations of

TN Source EPA Drinking Aquatic Life4 Tributary Streams to

Parameter (Units) Standards Water Standards”®~ 24 Hr Avg Maximum Upper Tennessee River
GENERAL WATER QUALITY
Temperature (°C) - 30.0 - ~ 6 - 15.0
Dissolved Oxygen (mg/L) - - 5.0 - 8.8
pH (Standard Units) 6.9 6.5-8.5 6.5-9.0 - -
Conductivity (uymho/cm) - - - - 192.0
Turbidity (NTU) - 1.0 - - 9.5
Total Suspended Solids (mg/L) 10 - - - - 13.0
Volatile Suspended Solifa (mg/L) - - - - -
Total Alkalinity (mg/L) - - v - - -
Total Hardness (mg/L as CaCO0.) - - - - 126.0
NitratetNitrate Nitrogen (mg?L) 10 (as NOa—N) 10 (as N03-N) - - 9 0.39
Ammonia Nitrogen (mg/L) - - - 0.02 0.09
Total Kjeldahl Nitrogen (mg/L) - - - - 0.19
Total Phosphorus (mg/L) - - - - 0.04
Aluminum (ug/L) - - - - 761.0
011 and Grease (mg/L) - - - - 6.0
Cyanides (mg/L) 200.0 - 3.5 52.0 0.01
METALS .

- sntimony (ng/L)'° - - - - -
Arsenic (ug/L) 50.0 50.0 40.0 440.0 <3.9
Beryllium (ug/L) - - 5.3 ¢ 130.0g <10.0
Cadmium (ug/L) 10.0 10.09 0.025 3.09 <1.8

R Chromium (ug/L) 50.0 50.0 - 100.08 <4.2
Copper (ug/L) 1,000.0 1,000. 5.68 22.08 47.0
Lead {(ug/L) 50.0 50.0 3.8 170.0 <16.8
Lithium (ug/L) - - - - <10.0
Mercury (ug/L) ’ 0.2 2.0 0.2 4.1 <0.4
Nickel (ug/L) 100.0 - 96.08 1,800.08 <48.0
Selenium (ug/L) 10.0 10.0 35.0 260.04 <8.0
Silver (ug/L) 10 50.0 50.0 - 4.1 <10.0
Thallium (pg/L) - - - - -
Zinc (ug/L) 5,000.0 5,000.0 47.0 320.0 126.0

1Tennessee Drinking Water Source Standards, 1983.
2National Interim Primary Drinking Water Standards, 40 CFR Part 141.
3National Secondary Drinking Water Standards, 40 CFR Part 143.

aEPA Water Quality Criteria for the Protection of Aquatic Life. Criteria listed are from EPA's guaiity Criteria for
Water (1976) ("Red Book”) and from EPA's 1980 Water Quality Criteria for Priority Pollutants (see 45 FR 79318-79341,
November 28, 1980).

Average concentrations in water for streams tributary to the Tennessee River between miles 424 and 652; 43 sampling
locations - 1960 to 1983, TVA STORET data.

6The 5.0 mg/L criteria for dissolved oxygen is a minimum value rather than a 24-hour average.

5

70.02 as unionized ammonia. See EPA's 1976 Quality Criteria for Water, p. 16 for further explanation.

8Values calculated for a hardness of 100 mg/L using the equations given in 45 FR 79318-341. Increasing hardness

generally decreases toxicity of these metals.

9Nationa1 Interim Primary Drinking Water Standard is 50 ug/L for hexavalent chromium (Cr+6). The criteria listed for

aquatic life, irrigation, and livestock are for total chromium, which was the species measured in this study.

0% applicable criteria available.
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these data with Table 7 indicates that most data are within the range of
existing sﬁandards, criteria, and background levels. Nitrates+nitrite
nitrogen concentrations at Bear Creek Mile 7.4 are excessive with values of
240 mg/L and 380 mg/L. During the sampling periods activities were
underway at Y-12 to neutralize the S-3 ponds and contain future releases.
Hardness and conductivity at Bear Creek Mile 7.4 were also in excess of

background data with values of 1000 mg/L as CaCO, and greater than

3
2000 umhos/cm, respectively. Conductivity at East Fork Poplar Creek
Mile 14.36, White Oak Creek Mile 0.4, and Clinch River Mile 24.0 were in
excess of background data with values of 454, 395, and 280 umhos/cm,
respectively. Turbidity and suspended solids at White Oak Creek Mile 0.4
exceeded background data with values of 22 NTU for turbidity and 18 mg/L

for suspended solids (mean values of duplicate samples).

4.1.2 PRIORITY POLLUTANT ORGANICS

Analyses for priority volatile organics, acid extractables, base/neutrals,
pesticides, and PCBs indicated that none of these compounds were present
above the analytical detection limits and no evidence of their presence
below the detection limit.was shown. Total phenols were detected at Bear
Creek Mile 7.4 and White Oak Creek Mile 0.4 with values of 6 mg/L and 3
mg/L (mean value of duplicate samples) at each station, respectively. No
standards or background data are available for comparison, however. All

results are reported in Appendix I - Table 1 by reporting the detection
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limit value followed by a "U" indicating no evidence of the parameter
below the detection limit, or by a "M" indicating evidence of parameter

presence below the detection limit that could not be quantified.

4.1.3 OIL AND GREASE AND CYANIDE

0il and grease and cyanide were below detection limits in all samples.
Results are presented in Appendix I - Table 1 by reporting the detection
limit value followed by a "U" indicating no evidence of the parameter at

the detection limit.

4.1.4 METALS

Results of metal analyses (Appendix I - Table 1) show that most metal
concentrations were below detection limits and/or available standards and
background data. Exceptions are given in Table 9. Values which
substantially exceeded background concentrations were total mercury at
East Fork Poplar Creek Mile 14.36 with a concentration of 2.5 ug/L and

total cadmium at Bear Creek Mile 7.4 with a concentration of 26 ug/L.

4.1.5 RADIOLOGICAL PARAMETERS

A total of seven surface water samples including one field duplicate were
collected during the baseflow survey for radiological analyses

(Appendix I - Table 1). In addition, one sample was collected for
analyses of transuranics and other radionuclides (Table 2) by ORNL. A
summary of the significant results are given in Table 10 along with the

applicable drinking water standards as outlined in 40 CFR 141. Maximum
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pe;missible concentrations (MPCs) recommended by 10 CFR 20 for
nonoccupational exposure are included for comparative purposes, although
the MPCs apply only to facilities licensed by the Nuclear Regulatory
Commission. The maximum concentrations reported by TVA in water samples
collected from the Tennessee River from 1981 to 1983 are also presented

for comparison.

Tritium concentrations were by far the most significant of any isotope
identified in surface water samples. The maximum concentration reported
in White Oak Creek is approximately 75 times the maximum levels reported
in the Tennessee River and is 18 percent of the MPC. Concentrations
reported in other streams did not exceed the maximum concentration
pfeviously observed in the Tennessee River. Only two other radioisotopes
were identified and both were found in White Oak Creek. Cesium 137 and
cobalt 60 levels in White Oak Creek were less than 1 percent of the MPC.
Only one concentration exceeded the corresponding MPC (i.e., the gross
alpha concentration at Bear Creek Mile 7.4 which exceeded the MPC by

3 percent). All transuranic isotopes were substantially below MPC

levels.

In summary, the highest radiological levels were found in White Oak Creek
with concentrations in the Clinch River and East Fork Poplar Creek
generally corresponding to levels reported in the Tennessee River.

Elevated in gross alpha and gross beta activity were observed in Bear

Creek.
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4.2 STORMFLOW SURVEYS

Results for the first and second stormflow surveys are given in
Appendices II and III, respectively. These data were collected for
calibration of a sediment transport model to be presented in the

Task 3 report. The following discussion compares the mercury and
radiological concentrations during the two storm events with available
standards and criteria. Streamflow, suspended sediment, and bedload data
are examined relative to their potential impact on sediment transport.
The results of a third storm event survey conducted on April 5-6, 1985,

will be discussed in the Task 3 report.

4.2.1 STREAMFLOW

Figure 3 presents hydrographs for the rated stations during the first and
second storm events. A hydrograph for East Fork Poplar Creek Mile 0.03
was not obtained due to the pool effects of Watts Bar Reservoir. Detailed
(expanded scale) plots of each hydrograph and the water levels at East
Fork Poplar Creek Mile 0.03 are given in Figure 1 of Appendices II

and IIT. An anamoly apparently exists between the hydrograph for East
Fork Poplar Creek 3.3 and the upstream stations. Peak flows at mile 3.3
were significantly less than the peak flows at mile 6.8 for both storm

events. An investigation of this occurrence is in progress.

4,2.2 PHYSICAL CHARACTERISTICS OF SUSPENDED SEDIMENT AND BEDLOAD

Specific gravity and particle size results for the 14 suspended sediment

and 8 bedload sediment samples collected during the two storm events
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are given in Tables 11 and 12, respectively. The specific gravity of

suspended sediment ranged from 0.79 to 2.07 while the specific gravities
of bedload sediment ranged from 1.34 to 2.46. Mehta (5) reports that the
specific gravity of sediment are typically are in the range of 2.6 to 2.7

and that lesser values indicate the presence of organic material.

Particle size analyses results for suspended sediment (Table 11) show that
the greatest concentrations were in the size ranges less than 62 um.

For bedload sediment, particle size results are reported in terms of
percent by weight rather than concentration. Table 12 provides the
percent by weight of the total sample in various size ranges (gravel to
silt). Although a wide distribution of sediment sizes was present,

most of the bedload sediment generally was in the range of coarse sand to

gravel (i.e., greater than 500 um).
Further discussion of the physical characteristics of suspended and
bedload sediment and an application of these data in & sediment transport

model will be provided in the Task 3 report - (Sediment Transport).

4.2.3 SUSPENDED SEDIMENT

Results of total and volatile suspended solids and turbidity analyses are

presented in Table 1 of Appendices II and III for the first and second

storm event, respectively. One hundred thirty-six samples were collected
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for total suspended solids analyses, 54 were collected for volatile

suspended solids analyses, and 60 were collected for turbidity analyses.

Figure 2 of Appendices II and III shows total suspended solids and
streamflow versus time for the duration of stormflow sampling for the
first and second storm events, respectively. The graphs show that total
suspended solids concentrations are generally proportional to streamflow.
Turbidity values generally increase with increased total suspended solids
and streamflow {Appendices II and III). A detailed assessment of the
correlation between streamflow and suspended solids concentrations will be

presented in the Task 3 report.

4.2. 4 MERCURY

The results of total and dissolved mercury analyses for 53 samples
collected during the first and second storm events are presented in
Table 1 of Appendices II and III, respectively. Figure 3 of Appendices II
and III shows total mercury and streamflow versus time for the first and
second storm events, respectively. The graphs also show the instances
where total mercury concentrations were above the EPA Primary Drinking
Water Standard of 2 pg/L and the EPA Water Quality Criteria for the
Protection of Aquatic Life (24-hour average) of 0.2 ug/L. Total mercury
concentrations for East Fork Poplar Creek were at or above both the
drinking water standard and the water quality criteria for aquatic life

for most samples collected during both storm events. Total mercury
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- concentrations for Bear Creek were below the drinking water standard but
at or abpve the water quality criteria for aquatic life for both storm
events. Maximum total mercury concentrations were 11 ug/L for both East
Fork Poplar Creek Miles 14.36 and 3.3 during the first storm event and
24 ug/L for East Fork Poplar Creek Mile 14.36 during the second storm

event.

Dissolved mercury concentrations {Appendices II and III) remained at or
slightly above the analytical detection limit of 0.2 pg/L with a maximum
concentration of 0.7 ug/L for both East Fork Poplar Creek Mile 10.0 and
Bear Creek Mile 0.55 during the first storm event and 0.9 pug/L for East

Fork Poplar Creek Mile 3.3 during the second storm event.

Figure 3 (Appendices II and III) shows that in many cases total mercury
concentrations are proportional to streamflow and hence suspended
sediment. In these cases it appears that mercury is being transported
primarily by suspended sediment since dissolved mercury remains relatively
constant with increasing streamflow. In other cases this relationship
between total mercury and streamflow is not apparent (e.g., East Fork

Poplar Creek Mile 3.3 and Bear Creek Mile 0.55 during the first storm

event).
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4.2.5 RADIOLOGICAL ANALYSES

A total of nine samples were collected for radiological analyses during
two storm events (Table 1 - Appendices II and III). A summary of the
significant results are given in Table 13. The corresponding maximum
permissible concentrations (MPCs), drinking water standards, and Tennessee

River background levels are also given for comparison.

All results reported were substantially less than the MPC. Iodine 131 was
identified in one sample at approximately two times the lower limit of
detection and 5 percent of the corresponding MPC. The only other gamma
emitting radionuclides found were lead, bismuth, and protactinium isotopes

of the uranium decay series for which no MPCs are available.

4.3 QUALITY CONTROL

4.3.1 BLANKS
Field blanks for priority pollutant analysis were analyzed with samples
collected during baseflow conditions. All results were less than the

analytical method detection limits.

4.3.2 CONTROL CHARTS

Intralaboratory control charts for all parameters analyzed (with the
exception of organic priority pollutants) were maintained as described in

Section 3.4.1. All duplicate and spiked samples were either within the
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veontrol limits" or when "out-of-control" situations occurred, all the

samples within that batch were reanalyzed.

4.3.3 REFERENCE SAMPLES

Reference samples were inserted into the analytical stream as described in
Section 3.4.2. These samples were analyzed with the baseflow samples to
assess the accuracy of the analytical measurements. The results of these

analyses are tabulated in Appendix IV - Table 1.

Excellent recoveries were obtained for all metal and volatile organic
analyses. The results for the base neutral and acid extractable
compounds, however, showed a wide range of recoveries. A high of

169 percent recovery was obtained for 2-chloronaphthalene as compared to a
low of zero percent recovery for 4,6-Dinitro-o-cresol, pentachlorophenol
and phenol. These results are typical of the recovery data obtained by
other laboratories for the analysis of the organic priority pollutant
compounds using EPA method 625. Because of the inefficiency of this
method to extract, concentrate, and analyze for many of the organic
compounds, the method has been labeled by many as only semi-quantitative.
Thus, results reported as less than the detection limit may not

necessarily ensure the absence of the material in the environment.

4.3.4 BLIND DUPLICATES (LABORATORY AND FIELD)

Blind field and laboratory duplicates were prepared and inserted into the

analytical stream as described in Section 3.4.3. Results of these
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duplicate samples are summarized in Appendix IV - Table 2 for

nonradiological analyses and in Table 3 for radiological analyses.

The relative standard deviation (RSD) for nonradiological duplicate
results were all less than 20 percent with the exception of lead, nickel,
zinc, and total phenol. High RSD for these measurements were due to their
low concentrations. Generally, the lower the analyte concentration in the
sample, the less precise the analytical method and the less meaningful the
RSD. Therefore, for samples having concentrations near the detection

limit, RSD values of this magnitude can be expected.

The duplicate results for radiological analyses showed reasonable
agreement between the two analyses with the error bands for each pair of
analyses overlapping. A comparison of the laboratory and field duplicates
for both the radiological and nonradiological parameters showed no

homogeneity problems.

4.3.5 EPA SPLIT SAMPLES

Split samples were prepared and shipped to the EPA Region IV Laboratory
for nonradiological analyses and/or to the EPA Eastern Environmental
Radiation Facility (EERF) for radiological analyses as directed in

Section 3.4.4. Results of the split samples are summarized in

Appendix IV - Tables 4 and 5.
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The results of the split water samples with EPA were excellent especially
when consideration is given to the low concentration obtained for most
parameters. Gross alpha and gross beta analyses did not always correspond
within error limits; however, this was not unexpected due to the
nonspecific nature of these analyses. The results of split sample

analyses indicated there was no significant analytical problems.

4.3.6 CONCLUSIONS

The overall accurracy and precision of the data were adequate and within
the interpretative requirements of this study. The agreement between EPA
and TVA on the split data was acceptable. The quality control program
did, however, reveal certain limitations which must be considered when
interpreting the results on the extractable organic priority pollutant
data. Because of the inefficiency of the EPA approved methods to extract
many of the base neutral and acid extractable compounds, the reviewer of
the data should realize that some of the organic compounds which were not

detected by this method could be present in the environment.
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APPENDIX II

INSTREAM CONTAMINANT STUDY - TASK 1

STORMFLOW SURVEY RESULTS - FIRST STORM
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FIGURE 1

STREAMFLOW RESULTS - FIRST STORM
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FIGURE 2

TOTAL SUSPENDED SOLIDS AND STREAMFLOW
VERSUS TIME FOR DURATION OF FIRST STORM EVENT
(OCTOBER 22-23, 1984)
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FIGURE 3

MERCURY AND STREAMFLOW VERSUS TIME FOR
DURATION OF FIRST STORM EVENT
(OCTOBER 22-23, 1984)
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TABLE 1

WATER AND BEDLOAD ANALYSES RESULTS - FIRST STORM
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APPENDIX III

INSTREAM CONTAMINANT STUDY - TASK 1

STORMFLOW SURVEY RESULTS -~ SECOND STORM
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FIGURE 1

STREAMFLOW RESULTS - SECOND STORM
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FIGURE 2

TOTAL SUSPENDED SOLIDS AND STREAMFLOW
VERSUS TIME FOR DURATION OF SECOND STORM EVENT
(NOVEMBER 10-11, 1984)



-73_

€0°0 WOd43

c8/v1/¢ 8ASM

(S¥H)3NIL |
009 00¢ 0 oolz 008l  00SL 00z
T L | T T * T — L T — T 1 1— T T
_ _ . - | RETEES I
- 001
» \ |
4 002
" . l
- 00¢
- 00%
~ 00§
“
SSL --4--
009

ATAMNS MOTd WHOLS

ASVIL—ACQNLS INVNINVLINOD WVHYLSNI

(1/9N)SAIlNosS ag3aanNidsns Iviol




-74-

(s42)MO074

)
o

00¢

€€ NOdd3 se/gl/c EASM

(S¥H)INIL
009 00¢ 0 00lzZ 0o0gl Q0G| 00ct
1 _ L) ¥ — T L ~ T 1] _ L] ¥ _ T H — L} 1 o
\\\.
’
-1 001
@ i
- 00¢
-1 00¢%
MO14d —8—
69—Sd ‘SSl -----
INI—H1d3Q ‘SS. @

00t

AAYNS MOTA WHOLS

T JMSVIL—AQNLS LNVNINVINOD WVHYLSNI

(1/9W)Sarmos Q3aN3dsns VLol




-75_

8°9 WOd4d3

S8/61/€ B8ASM

(SYH)INIL
009 00¢ 0 001¢ 0081 00G1 00¢1i —
0 L - r 1 1 1T T v 1 7 0 (@)
: —
>
. —
@ w
| &
00! ° -1 001 o
N m
— =
O O
m
- 00T - 94002
v o
=)
W
w
<
(o9
N
=
N’

SSL @

00¢ + MO1d ——

|
o
o
)

AdJAINS MOTAd WHOLS

1 ASVL—AUNLS INVNIAVINOD WVHYLSNI




-76~-

0°0F WOdd43

s8/61/¢ 8ASM

(SY¥H)INIL

009 00% 0 00lz 008l  00GL  00ZL

o 1] — L] 1 — T 1 _ L L — 1 1 — L\ L) L -\*.I O o

;o —

& - __ ..... ttttttt 0\ ] —.Vl

I g W ;4 00l

~ ! - W

. C

] v

00z ©

- . m
-

5 ool . Z

™

= 1008 o

O

o 8

~— 00+ —

O

7,

00Z |- 00§ =

MO1d —E— o

69—Sd ‘SSl --€-- N

INI-H1d3a ‘sSL @ e 4 009 I

AJAYNS MOTAd WHOLS

T MSVI—AANLS LNVNIAVLNOD WVHHLSNI




-77-

'L NOdd3 68/81/¢ ‘aasM

(SYH)INIL !
009 00§ 0 00lz  008L  00SL  00ZL  _|
0 —r s A PN E A R R R 0 @)
T S SR S >
,,,,,,, 1 —
* 0oL .,
SZ c
i ] n )
00Z o
- - =
®) i o
= i m
—~ 06 00 ©O
(@] ! i

- i wm
v O
~ i - 00%
) )
SL | “ %)
i ¥ \W)
MOd —— ] 005 ©
69—Sd ‘SSl --¢-- N
INI—HLd3a ‘SSL @ .. \

001 009

AdIAINS MOTHd WHOLS
I ASVI—AQNLS LNVNINVINOD WVHALSNI




MO14

-78-

20 "49 11N | s8/81/¢ ‘BASM

(S¥H)3INIL
009 00¢ 0 00lz 008L 00SL  00ZL _,
o ¥ — L ] — 1 L] — L L] — L] ¥ _ L ¥ — 4 H O O
- —
i o >
i ® ~
l &
Q | ® ;)
45z =
=
® O
™
ol O
&
@ dos =

O
Sl w
P
<z
MO1d —B— )
~N
SSL @ ® I

0z G/

AHTAINS MOTd WHOLS
T JMSVL—AQNLS INVNIAVINOD WVHAHLSNI




-79-

mm.& no€g s8/81/c ‘BASM

(SYH)INIL
009 00% 0 00lL2 0081 00G1 00¢
o777 7T
..JmN.. ~
o
o
=
=
O
N
B V2)
~0s | -
MO1d —Il—
69—Sd ‘SSl --4¢---
</ INI—Hld3g ‘SSL @

XIAYNS MOTd WHOLS

L
0

o
n

(1/9N)Saitos a3anNidsns 1viol

001

0Gl

I ASVL—AUNLS LNVNIAVINOD WVHHLSNI




-80-

FIGURE 3

MERCURY AND STREAMFLOW VERSUS TIME
FOR DURATION OF SECOND STORM EVENT
(NOVEMBER 10-11, 1984)
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TABLE 1

WATER AND BEDLOAD ANALYSES RESULIS - SECOND STORM
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APPENDIX IV

INSTREAM CONTAMINANT - TASK 1

QUALITY CONTIROL
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FIGURE 2
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APPENDIX IV

|
|
' LABORATORY ANALYSIS PROCEDURES
|
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1.0 Analytical Methodology

bod Routine Parameters

I.1.1  Applicable Documents

1.1.1.1 Methods for Chemica! Analysis of Water and Wastes, Environmental
Protection Agency, Office of Research and Development, Cincinnati,

Ohio, 1979,

1.1.1.2 Methods for Organic Chemical Analysis of Municipal and Industrial
Wastewater, EPA 600/4-82-057, Environmental Protection Agency,
Environmental Monitoring and Support Laboratory, Cincinnati, Ohio,

July 1982,

_ I.1.1.3 Methods for Determination of Inorganic Substances in Water and Fiuvial
Sediments, Book 5. Chapter Al, U.S. Geological Survey, Washington, DC,

1979.

I.1.1.4 "Standard Methods for the Examination of Water and Waste Water,"
APHA, AWWA, WPCF, American Public Health Association,
Washington, D.C., 1971.

1.1.1.5 "Handbook of Radiochemical Analytical Methods," F. B. Johns,
Editor, EPA 680/4-75-001, February 1975.

1.1.1.6 "Gross Alpha and Gross Beta Activity Determination," Procedure
Number G-0l, Laboratory Services, Tennessee Valley Authority,
Muscle Shoals, Alabama, July 1984.

f.1.8.7 "Tritium Activity Determination in Urine, Atmospheric Moisture
and Environmenta! Aqueous Samples,* Procedure Number T-01,
Laboratory Services, Tennessee Valley Authority, Muscle Shoals,
Alabama, July 1984,

}.1.1.8 "Ganma Analysis of Environmental Samples,” Procedure Number G-03,
Laboratory Services, Tennessee Valley Authority, Muscle Shoals,
Alabama, November 1980.

1.1.1.9 "Germanium Spectroscopy System Operating Procedure,” Procedure
Number OP-05, Laboratory Services, Tennessee Valley Authority,
Muscle Shoals, Alabama, June 1984.




1.1.2  Summary of Methods

Parameter

Residue, Nonfilterable

Residue, Volatile

Mercury, Total and Dissolved

Turbidity

Hardness, Total

Total Kjelkdahl Nitrogen

Total Phosphorous

Nitrate plus Nitrite Nitrogen

Oil and Grease
Cyanide, Total

Phenol, total

Extractable Organics

Volatile Organics

Pesticides and PCB's

Arsenic
Antimony
Chromium
Copper

linc

-102-

Applicable Documents

Type of Analysis

1.E 1.1 Method 160.2
I.1.1.1 Method 160.4

Method 245.1

I.E 1.1 Method 180.1
b1t Method 130.2

1.1.1.1 Method 351.2

L.l 1.1 Method 365.4

.
.

Method 353.2

[.1.1.] Method 413.1
Folobo1 Method 335.2

b.1. 1.1 Method 420.1

1.1.1.2 Method 625

F.1.1.2 Method 624

1.1.1.2 Method 608

I.1.1.1 Method 206.2
fo1.1.1 Method 204.2
I.1.1.1 Method 218.2
b.1. 1.1 Method 200.7

f.1.1.1 Method 200.7

Gravimetric
Gravimetric
Manual Cold Vapor
Nephelometric

EDTA Titrimetric

Colorimetric, Semi-Automated

Block Digestor

Colorimetric, Semi-Automated

Biock Digestor

Colorimetric, Automated

Cadmium/reduction

Colorimetric

Colorimetric

Colorimetric, Manual with

distillation

GC/MS, Methylene Chloride

Extraction

GC/MS, Purge and Trap

GC/EC, Methylene Chloride

Extraction

AA - Furnace

AA - Furnace

AA - Furnace

IcP

iIcp

Detection Limit
I mg/L
| mg/L
0.2 ug/L
0.1 NTU

I mg/L as CaCO3
0.02 mg/L
0.01 mg/L

0.01 mg/L
5 mg/L

20 ug/L
2 ug/L

Various Detection Limits

Various Detection Limits

Various Detection Limits
I ug/L
I ug/L
| ug/L
5 ug/L

5 ug/L



Parameter

Bery!lium
Aluminum
Thal Lium
Nickel
Cadmiuﬁ
Lead
Selenium
Silver

Lithium

Gross Alpha
Gross Beta
Tritium

Gamma—Emi t1ing
Radionuc!ides
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Applicable Documents

RN
HAR
RAR
HRN
RN
AN
AN
1.0

L3

Method 200.7
Method 200.7
Method 200.7
Method 249.2
Method 213.2
Method 239.2
Method 270.2

Method 272.2

Method 1-3425-78

f.h.b.8; 1.1.1.6

Fotor.4 1.1.1.6

IS PR IS 20N S N Y |

1.1.1.8;

1.1.1.9

Type of Analysis

IcP

Icp

ICP

AA - Furnace
AA - Furnace
AA - Furnace
AA - Furnace
AA - Furnace
M - Direct

Alpha Counting

Beta Counting

Liquid Scintillation

Counting

Gamnma Spectral
Analysis of Ge(Li)
Spectra

Detection Limit

I ug/L

I ug/L

50 ug/L

I ug/L

0.1 wg/L

| ug/L

| I ug/L

10 ug/L

10 wg/L

2.0 pCi/L
2.4 pCi/L

330 pCi/L

5-10 pCi/L




N

.2.1.2

2.1.4

N
.
N
.
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Nonroutine Parametfers

Particle Size

Applicable Documents

Guy, H. P., “"Laboratory Theory and Methods for Sediment Analysis,”
Book 5, Chapter CI, in Techniques of Water-Resources Investigations of

the United States Geological Survey, U.S. Government Printing Office,
Washington, DC, 1969.

Summary of Method

The particie size of the suspended material was determined
gravimetrically. A homogenious alquiot was filtered through the
following sieves: 2.0 nm, 0.5 nm, 0.125 mm, and 0.062 mm. Each sieve
was rinsed into a preweighed 100 mm x 50 nm pyrex dish and dried
overnight in a 105° oven and reweighed. The results were calculated
in mg/L greater than each fraction.

Sample Size
2 liters

Minimum Detectable Amount

0.1 mg/L

Specific Gravity on Suspended Particulates

Applicable Documents

No reference, private communications May 1984,

Summary of Method

The specific gravity of the suspended particulates was calculated from
the densities on both a filtered and unfiltered storm water sample.
These densities were determined by the DOE laboratory through the use
of a liquid-density balance. The specific gravity was calculated
using the following equation:

Suspended Particulates = weight of equal volume of

suspended particulate

weight of equal volume of water displaced

3

_ Wep(mg/L) x 107 (g/mg)

D, - DF) (g/cms) x 1000 cmS/L

UF

Where
Wgp = suspended solids on storm water

Dyr = Density of unfiltered storm water
DF = Density of filtered storm water

b



-105-

1.2.2.3 Minimum Detectable Amount

Not applicable

FOE 0062V
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APPENDIX IV - TABLES 1 to S

QUALITY CONTROL RESULTS
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A TABLE 1
v SUMMARY OF UNKNOWN REFERENCE SAMPLES
* SUBMITTED WITH BASEFLOW WATER SAMPLES
Lab Value True Value %
Parameter (ug/L) (ug/L) Recovery

Carbon Tetrachloride 25; 26 26.6 96
Chlorobenzene 433 40 40.4 103
Chlorodibromomethane 32; 33 29.6 110
1,2 bichloroethane 29; 28 25.0 114
1,1-Dichloroethylene 21; 22 20.8 103
1,2-Dichloropropane 33; 32 40.0 81
Methylene Chloride 44 22 40.0 82
1,1,2,2-Tetrachloroethane 59; 60 50.6 118
Trans~1,2-~dichloroethylene 59; 60 55.2 108
Trichloroethylene 52; 52 49.6 105
Al 720 730 99

- As 220 235 94
cd 38.6 39 : 99

» Cr 250 261 96
Cu 330 339 | 97
Li 580 550 105
Hg 8.3 8.7 95
Ni 212 207 102
Se ' 56 50 112
Ag 1.1 1.2 92
Zn 420 418 100
Sb 9 8.2 110
Be 230 - 235 98
T1 <50 25.2 -
0il and Grease 22 20 110
Bis(2 chloroethyl ether) 272 253 108
Benzo(a)anthracene 133 315 42

j 3,4-Berizofluoranthene 320 . 246 130
Benzo(k)fluoranthene 320 246 130

Bis(2<chloroethyoxy)methane 281 255 110
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TABLE 1 CONTINUED

Lab Value True Value A
Parameter (ug/L) (ug/L) Recovery

2-chloro-naphthalene 424 251 169
1,2-Dichlorobenzene 237 250 95
1,3-Dichlorobenzene 122 148 82
Diethylphthalate 198 254 78
Di-n-Butylphthalate 288 252 114
2,4-Dinitrotoluene 200 277 72
2,6-Dinitrotoluene 184 229 80
Di-n-Octylphthalate 66 230 29
Hexachlorobenzene 214 350 61
Hexachlorobufadiene 121 157 77
Isophorone 151 149 101
N-nitrosopdimethylamine 419 352 119
phenanthrene 195 202 97
pyrene 89 298 30
1,2,4 Trichlorobenzene 217 256 85
2-chlorophenol 30 30 100
2,4-Dichlorophenol 38 50 76
2,4-Dimethylphenol 24 30 80
4 ,6-Dinitro-o-cresol <50 250 0
2-Nitrophenol 38 50 76
p-chloro-m—-cresol 50 75 67
pentachlorophenol <10 75

phenol <10 100
2,4,6-Trichlorophenol 8 25 32
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TABLE 2

s RESULTS OF BLIND LABORATORY AND FIELD DUPLICATE SAMPLES
ON BASEFLOW WATER SAMPLES - NONRADIOLOGICAL ANALYSES

Field Duplicates Laboratory Duplicates
Parameter Units Value #1 Value #2 7 RSD Value #1 Value #2 7% RSD
Al o 1e/L 210 200 4.3 205 210 2.1
As we/L <1 <1 - <1 <1 -
cd ug/L <0.1 <0.1 - <0.1 <0.1 -
o pg/L 9 9 0.0 9 8 10
Cu . ug/L <5 <5 - <5 <5 -
Li ug/L <10 <10 - <10 <10 -
Pb ug/L 3 .3 0.0 3 5 44
Total Hg ug/L <0.2 0.3 - <0.2 0.3 -
Diss. Hg ug/L <0.2 <0.2 - <0.2 <0.2 -
Ni : ug/L 4 5 20 5 10 59
Se ug/L <1 <1 - <1 <1 » -
Ag ug/L <0.2 <0.2 - <0.2 <0.2 -
Zn ug/L 24 30 20 27 16 46
‘ Sb ug/L <1 <1 - <1 <1 -
Be ng/L <1 <1 - <1 <1 -
’ T1 Le/L <50 <50 - <50 <50 -
mg/L as
Hardness CaCo3 160 160 0.0 160 150 5.7
Turbidity NTU 21 22 4.1 22 23 4.0
TSS mg/L 18 17 5.1 18 18 0.0
TVSS mg/L 3 3 0.0 3 3 0.0
0il & Grease mg/L 5 5 - NA NA -
Vol. Org. ug/L mememmmeee No Compounds Detected———-—————=—
Base Neutrals pg/L = ~—c—ee—eeee No Compounds Detected———————————
Acid Extract. pug/L @ ——mmeme——e No Compounds Detected———————————
Pest. & PCBs ug/L ~——m——m——--No Compounds Detected—————=—————
TKN mg/L 0.42 0.47 10 0.47 0.54 12
NH,-N mg/L 0.13 0.12 7.1 0.12 0.12 0.0
N03+N02—N mg/L 0.83 0.83 0.0 0.83 0.83 0.0
TP mg/L 0.20 0.17 14 0.17 0.17 0.0
‘ T. Cn ng/L- Not Collected <20 <20 -

Total Phenol ug/L Not Collected 4 2 59
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TABLE 3

RESULTS OF BLIND FIELD DUPLICATE SAMPLES
ON BASEFLOW WATER - RADIOLOGICAL ANALYSES

Field Dgplicates1

Parameters Units Value #1 Value #2
Gross Alpha pCi/L 10.8 + 3.6 10.2 + 3.5
Gross Beta pCi/L 690 + 70 690 + 70
Tritium pCi/L 544,000 + 53,000 540,000 + 53,000
Cs-137 pCi/L 68 + 7 57 + 5
Co-60 pCi/L 19 + 2 18 + 4

1Error terms represent 95 percent confidence limits.

"
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3 TABLE 4

- RESULTS OF SPLIT SAMPLE DATA WITH EPA, REGION IV
FOR SAMPLES COLLECTED ON BASEFLOW WATER - NONRADIOLOGICAL ANALYSES

% Relative

Parameter Units LAB: EPA LAB: TVA Error
Al ug/L <100 210 -
As ug/L <40 <1 -
cd ug/L <10 0.1 -
cr wg/L 11 9 20
Cu ve/L <10 <5 -
Li ug/L NA <10 -
Pb g/L <30 4 -
Hg ug/L <0.2 <0.2 -
Ni ug/L <20 8 -
Se ug/L <40 <1 -
. Ag pe/L <10 <0.2 -
7Zn ng/L 14 21 =40
; Sb ug/L <40 51 -
Be pg/L <10 <l -
T1 ug/L NA <50 -
’ mg/L as
Total Hardness CaCo3 140 150 -6.9
Turbidity NTU 17 22 -
T8S mg/L 22 18 -26
TVSS mg/L 5.2 3 54
0il & Grease mg/L <5 <5 -
TKN mg/L 0.45 0.50 -11
NH,-N mg/L 0.15 0.12 22
NO3+N02—N mg/L 0.90 0.83 8.1
Total Phosphorus mg/L 0.12 0.17 -34
Total Cn . ug/L <2 <20 -
Total Phenols ug/L <20 3 - =

Organic Priority
Pollutants ug/L All compounds less than
detectable limit.
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TABLE 5

|

RESULTS OF SPLIT SAMPLE DATA WITH EPA EASTERN ENVIRONMENTAL
RADIATION FACILITY FOR SAMPLES COLLECTED ON BASEFLOW WATER -
RADIOLOGICAL ANALYSES

EPA TVA
Parameter Units LAB: EERF LAB: WARL
Tritium pCi/L 569,000 + 2,000 544,000 + 53,000
700 + 200 500 + 110
Gross Alpha pCi/L 10 + &4 10.8 + 3.6
79 + 15 31 + 16
Gross Beta pCi/L 520 + 30 690 + 70
330 + 20 330 + 40
.
Gamma Spectral
Analysis v
Cs-137 pCi/L 41 + 4 68 + 7
Co-60 pCi/L 20 + 4 19 + 2

»)



